ABSTRACT
INTRODUCTION
The mobile internet has had a major impact on people's lives and on how information is found located and accessed. Today, library patrons are untethered from and free of the limitations of the desktop computer. 1 The popularity of mobile devices has changed the relationship between libraries and patrons. Mobile technology allows libraries to have the kind of connectivity with their patrons that did not exist previously.
Patrons no longer think that it is necessary for them to be physically in the library building to use library services, and they are eager to obtain 24/7 access to library resources anywhere using their mobile devices. Mobile patrons need mobile libraries to provide them with services. In other words, "patrons want to have a library in their pocket." 2 As a result, libraries around the world are exploring and developing mobile services.
According to the State of America's Libraries 2017 report by the American Library Association, the 50 US states, the District of Columbia, and outlying territories have 8,895 public library administrative units (as well as 7,641 branches and bookmobiles). The vital role public libraries play in their communities has also expanded. 3 As part of the main role of public libraries, US urban libraries need to embrace the developmental trend of the mobile internet to better serve their communities. The provision of mobile services in US urban libraries is worthy of study and is of great significance as a model for how other public libraries plan and implement their mobile services.
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Definition and Types of Mobile Devices and Mobile Services
As early as 1991, Mark Weiser proposed "ubiquitous computing," pointing out how people could obtain and handle information at anytime, anywhere, and in any way. 4 With this expectation, the possibilities of using personal digital assistants (PDAs) as mobile web browsers were researched in 1995. 5 In combination with a wireless modem, library users are able to use PDAs to access information services whenever they are needed. Today, mobile devices are generally defined as units small enough to carry around in a pocket, falling into the categories of PDAs, mobile phones, and personal media players. 6 For many researchers, laptops are not included in the definition of mobile devices. Although wireless laptops purportedly offer the opportunity to go "anywhere in the home," laptops are generally used in a small set of locations, rather than moving fluidly through the home; wireless laptops are portable, but not mobile. 7 In contrast, Lippincott suggested that mobile devices should include laptops, netbooks, notebook computers, cell phones, audio players such as MP3 players, cameras, and other items. 8 According to the "Mobile Strategy Report" by the California Digital Library, mobile phones, e-readers, MP3 players, tablets, gaming devices, and PDAs are common mobile devices. 9 Each mobile device has its own characteristics and the potential to connect to the internet from anywhere with a Wi-Fi network, driving widespread use and thus the provision of library mobile services.
Mobile services are services libraries offer to patrons via their mobile devices. These services as described herein comprise two categories: traditional library services modified to be available via mobile devices and services created for mobile devices. 10 Pope et al. listed several mobile services, including SMS or text-messaging services, the My Info Quest Project, digital collections, audiobooks, applications, and mobile-friendly websites.
11
The California Digital Library pointed out that a growing number of university and public libraries are offering mobile services. Libraries are creating mobile versions of library websites, using text messaging to communicate with patrons, developing mobile catalog searching, providing access to resources, and creating new tools and services, particularly for mobile devices. 12 The most recognized mobile services in university libraries are mobile sites, mobile apps, mobile OPACs, mobile access to databases, text messaging services, QR codes, augmented reality, and ebooks. 13 Both academic and public libraries' use of Web 2.0 applications and services include blogs, wikis, phone apps, QR codes, mash-ups, video or audio sharing, customized webpages, social media and social networking, and types of social tagging. 14 This study focuses on the two most common mobile devices, mobile phones and tablets, and on the services provided to library patrons and local communities through mobile websites, mobile apps, and mobile catalogs.
Status of Mobile Services in US Libraries
Mobile devices present a new and exciting opportunity for libraries of all types to provide information to people of all ages on the go, wherever they are. 15 It is generally observed that there is an increased use of mobile technology in the library environment.
Librarians see their users increasingly using mobile phones instead of laptops and desktop computers to search the catalog, check the library's opening hours, and maintain contact with library staff. 16 In an earlier investigation of 766 librarians, Spires Later studies revealed more significant changes. 99 Association of Research Libraries member libraries were surveyed in 2012 to identify how many had optimized at least some services for the mobile web. Apps were not investigated. The result showed that 83 libraries (84%) had a mobile website. 19 A study in 2015 by Liu and Briggs showed that the top 100 university libraries in the United States offered one or more mobile services, with mobile websites, mobile access to the library catalog, mobile access to the library's databases, e-books, and text messaging services being the most common. QR codes and augmented reality were less common. 20 Kim noted that "libraries are acknowledging that people expect to do just about everything on mobile devices and that more and more people are now using a mobile device as their primary access point for the Web." 21 Although librarians may have previously underestimated what people wanted to do using mobile devices, there is a growing understanding of the potential of these access points.
RESEARCH DESIGN
Survey Samples
While a growing number of users tend to access information remotely, urban libraries, as the most popular public-sector institutions and community centers, are facing great challenges in addressing the growing need for mobile services. The Urban Libraries Council (ULC) (https://www.urbanlibraries.org), as an authoritative source founded in 1971, is the premier membership association of North America's leading public library systems. ULC's member libraries are in communities throughout the United States and Canada, comprising a mix of institutions with varying revenue sources and governance structures, and serving communities with populations of differing sizes.
ULC's website lists 145 US and Canadian urban libraries. Since this study focused only on US urban libraries, 138 libraries were chosen as the study targets, and all were examined. https://doi.org/10.6017/ital.v37i2.10170 
Survey Methods
As mobile services are offered basically via wireless systems and mobile devices, a combination of research methods, including mobile website visits, content analysis, and librarian interviews, were applied for data collection. Specifically, librarian interviews were employed as a verification and supplemental process to ensure that survey data were accurate and exhaustive.
First, the authors utilized an iPhone, an Android mobile phone, and an iPad to access the websites of the 138 US urban libraries in the study sample to ascertain if these libraries have mobile websites or mobile catalogs and whether the platforms are operated properly. Then the authors checked whether these libraries have mobile apps that can be downloaded from the Apple app store or the Google Play store. The survey was conducted from June 18 to June 24, 2017.
Next, the authors went through all the mobile websites and the mobile apps the libraries provide to check the mobile services offered. The authors used a specially designed survey to collect data about each library's mobile website and app (see table 1 ). The procedure of survey content analysis was conducted between June 25 and July 24, 2017, with the examination of each library's services taking approximately 30 minutes.
Finally, for those libraries that had no mobile websites or mobile apps found through the website visits, the authors made interview requests to staff librarians via their online reference services such as live chat, web form and email. An additional purpose of this step was to confirm the accuracy of the survey data collected from website visits. The survey was conducted from July 22 to August 3, 2017.
RESULTS AND ANALYSIS
Results from the examination of mobile website visits, content analysis, and librarian interviews revealed what services US urban libraries provided as mobile services, how they were provided, and which were commonly provided.
How Many Libraries Provide Mobile Services?
Over 83% of US urban libraries have developed their own mobile websites (see figure 1 ) for communities they serve. The mobile website is currently the most popular service platform for mobile users. https://doi.org/10.6017/ital.v37i2.10170 Promisingly, each test of these websites through the authors' mobile devices, either smartphones or tablets, confirmed that all the study subjects can be accessed 100% of the time. These library websites, however, are not entirely built specially for mobile devices. While the majority of urban libraries have transformed their desktop websites into mobile sites with proper responsive design, about 17% are just smaller versions of their desktop websites (see figure 2) .
A responsive mobile website can react or change according to the needs of the users and the mobile device they're viewing it on to achieve a good layout and content display.
Here, text and images change from a three-column to a single-column layout, and unnecessary images are hidden.
The web address of a responsively designed mobile website is the same as the desktop website.
Responsive design is described as a long-term solution for addressing both designers' and users' needs. 22 The survey found that 59% of libraries now have apps. Our analysis of the earliest version of apps records indicate that Los Angeles Public Library was the first to use an app, in August 2010. Mobile apps have advantages and disadvantages compared to mobile websites, and many libraries compared them and chose between the two. Skokie (Illinois) Public Library, as of October 2015, is no longer supporting the library's mobile app because they claim the library's website offers a better mobile experience. They also offer an easy access solution like that for a mobile app, with a message displayed to users: "Miss having an icon on your home screen? Bookmark the site to your home screen and you'll have an icon to take you directly to this site." Libraries can use multiple options to create one or more mobile service platforms. Nearly half (46%) of US urban libraries have both mobile websites and mobile apps. According to the survey, 95% of libraries have at least one mobile website, mobile catalog, or mobile app. A survey the authors conducted in April 2014 found that only 81% of the urban libraries had at least one mobile website, mobile catalog, or mobile app (see figure 3) . Clearly, libraries are paying increasing attention to mobile services, and providing mobile services has become the unavoidable choice of libraries nowadays. 
What Content do the Mobile Websites Offer?
Through mobile website visits and content analysis, it was found that some types of information are available at all libraries, including "Account login," "Events," "Locations and hours," "Contact us," and "Social media" (see figure 4) .
Figure 4. Components of mobile websites
The proportion of library mobile sites that offer "Support" and "Downloadables" is 96% and 95%, respectively. Among them, "Support" generally includes donations to the library foundation, donation of books and other materials, and providing volunteer services; "Downloadables" generally include e-books, e-magazines, and music. A total of 86% of the urban libraries set up "Kids" and "Teens" sections, providing specialized information services, such as storytime, games, events, book lists, homework help, volunteer information, and college information. A majority (62%) of libraries provide interlibrary loan information on mobile websites, but one library, Palo Alto (California) City Library, no longer offers the costly Interlibrary loan service as of July 2011. More than half (56%) of the libraries set up a "Suggest a purchase" function and generally ask readers to provide title, author, publisher, year published, format, and other information in web form. Some libraries display "Recommendations" (26%) on their mobile websites. Denver Public Library has a special column recommending books for children and teenagers and offers personalized reading suggestions: "Tell us what you like to read and we'll send you our recommendations in about a week."
Many mobile websites will pop hints to the libraries' mobile apps and link to the Apple app store or the Google Play store after automatically identifying the user's mobile phone operating system. This is helpful for promoting the use of the libraries' apps, and it also provides great convenience for users. The content of mobile websites in libraries is basically the same, but the content of their mobile apps varies widely. The reason is that the understanding of the various libraries about the functions an app should offer differs from one library to another. Some of these apps were designed by software vendors, such as Boopsie, SirsiDynix, and BiblioCommoms, but some were designed by the libraries themselves, leading to the absence of a uniform standard or template for the app design.
Survey results show that only "Account login" and "Catalog search" are available in all apps (see figure 5 ). "Locations and hours" accounts for a high proportion of apps at 96%. The "Locations" feature in many libraries apps, with the help of GPS, helps users find their nearest library location.
Figure 5. Components of mobile apps
About 85% of apps provide "Contact us." Click "Contact us" in Poudre River Public Library District and some other libraries' apps, and you can directly call the library or send text messages via email. "Scan ISBN" is a unique feature of mobile apps, and 75% of apps provide this functionality. If a library user finds a book they need in a bookstore or elsewhere, they can scan the ISBN to can see if that book is in the library's collection.
Apps designed by BiblioCommoms all have "Bestsellers", "Recently Reviewed", "Just Ordered" and "My library" (See chart Figure 6) . In "My library," the "Checked Out" section contains red alerts for "Overdue," yellow alerts for "Due Soon," and "Total items." The "Holds" section contains "Ready for pickup," "Active holds," and "Paused holds.". The "My Shelves" section contains "Completed," "In Progress," and "For Later." In this way, users can clearly see the details of the books they have borrowed and intend to borrow. Apps designed by Boopsie generally have "Popular this week" to tell users which books have been borrowed more recently. Only 3% of apps have "Kids" and "Teens" sections, which differs greatly from the percentage of mobile websites that offer those sections (86%).
What Mobile Reference Services do Libraries Provide?
According to the survey, the most common way for US urban libraries to provide mobile reference service is a web form, which is available in 86% of surveyed libraries (see figure 7) . Related to "Call us," a web form has the advantage of being independent from the library's working hours. Although users fill out and submit a web form, it is similar to email and, generally, librarians respond to the user's e-mail address, but it does not require users to enter their own email system, as they only need to fill in the content required by the web form. Therefore, it is more convenient to use. The authors believe that providing only an email address is not mobile reference service. The survey found that 6% of libraries do not have mobile reference services. All the Florida urban libraries surveyed offer reference services via the web form, chat, and text because an "Ask a Librarian" service administered by the Tampa Bay Library Consortium provides Florida residents with those mobile reference services.
The survey shows that only 8% of the libraries provide social media reference service in "Ask a librarian." The social media that provides reference service is either Facebook or Twitter. In fact, 100% of libraries have social media, and 100% of libraries have Facebook and Twitter, but most libraries do not use them to provide reference services.
What Social Media do the Libraries Use?
Survey results showed that 100% of mobile websites display links to their social media, usually in the prominent position of the front page of the websites; 68% of apps have social media links.
Facebook and Twitter are social media leaders, and now all libraries' mobile websites have both (see figure 9 ). The survey conducted in 2014 showed that Facebook and Twitter had the highest occupancy rate, but only 61% of libraries offered Facebook and 53% offered Twitter. It is obvious that libraries have made great progress in the last three years in the application of social media. Instagram and Pinterest are both photo social media, and they are used 76% and 49%, respectively. As the leading social media in the video field, YouTube is used by 67% of libraries.
What Mobile Reservation Services do Libraries Provide?
Mobile reservation services were found in 78% of all libraries' mobile services. A majority (62%) of the libraries allow online reservation of a meeting room via web form or other forms, and 14% allow reserving a study room (see figure 10 ). Some libraries only reserve a study or meeting room via phone. A few libraries provide instant online access to free and low-cost tickets to museums, science centers, zoos, theatres, and other fun local cultural venues with Discover & Go. A total of 14% of the libraries provide "reserve a librarian" service, allowing patrons to reserve a free session with a reference librarian or subject specialist at the library. In addition, several libraries, such as Pasadena Public Library, allow reserving of exhibit space.
How Many Libraries Provide Mobile Printing?
Mobile printing services allow patrons to print to a library printer from outside the library or from their mobile device. Patrons' print jobs are available for pick up at the library. Already, 43% of the libraries provide mobile printing service (see figure 11 ). It is expected that more libraries will provide this service.
To print from a mobile device, patrons need to download an app that supports mobile printing. PrinterOn is the more commonly used app, which has been used by Oakland Public Library, and San Mateo County (California) Libraries, and others. However, San Diego Public Library uses the Your Print Cloud print system, and Santa Clara County (California) Library uses Smart Alec.
San Mateo County Libraries offers wireless printing from smartphones, tablets, and laptops at all of its locations, and its wireless printing includes mobile printing, web printing, and email printing.
In addition, 14% of libraries offer wireless printing services but do not provide mobile printing services. For example, Live Oak Public Libraries in Savannah, Georgia, states that printing from laptops (PC and Mac) is available in all branches, but they don't have apps that support printing from tablets or mobile phones. 
CONCLUSION
This study shows that mobile services have become popular in US urban libraries as of summer 2017, with 95% offering one or more types of mobile service. Responsive mobile websites and mobile apps are the main platforms of current mobile services. The US urban libraries are terribly striving to meet local community's remote access needs via new technologies.
Compared with desktop websites, mobile websites and apps for mobile devices offer services that are more accessible, smarter and interactive for local users. Some mobile websites automatically prompt the user to install the libraries' apps; many libraries' apps offer the "Scan ISBN" function, making it convenient for the user to scan a book title at any time to see if it is in the library's collection; "Location" provides GPS positioning and navigation services for users; "Contact us" can directly link telephone, text, and email.
Libraries are actively developing and adding more mobile services, such as mobile reservation services and mobile printing services. The development of mobile technology has provided the support for libraries to offer mobile services. A future world of users accessing services provided by the libraries at anytime, anywhere, and in any way is getting closer and closer.
